Background: There remain concerns about the safety of once-daily dosing of aminoglycosides (AGs) in the elderly. Aim: To assess the safety of once-daily AGs in elderly patients and evaluate possible risk factors for nephrotoxicity. Design: Prospective, non-interventional surveillance study. Methods: All patients receiving AGs were monitored over 4 months. Clinicians determined the AG dose for each patient after estimating patient weight and calculating creatinine clearance (CrCl) using the Cockcroft-Gault formula. Parallel figures were calculated by the investigators using measured weight. Clinicians obtained an AG trough level 24 h after initiation of treatment, and, if non-toxic, every 5-7 days thereafter. AG toxicity was defined as an increase in serum creatinine of 050%. Results: In the study period, 249 consecutive patients received an AG: 116 (47%) males,
Introduction
Aminoglycosides are the mainstay of antimicrobial treatment of infections caused by Gram-negative bacilli, including intra-abdominal and urinary tract infections, and diverse hospital-acquired infections. 1 Although various side-effects have been reported, including ototoxicity and neuromuscular junction blockade, the major drawback of aminoglycoside usage is nephrotoxicity. 1, 2 Several risk factors for development of this complication have been identified, including diabetes mellitus, duration of treatment, dehydration, and advanced age. [1] [2] [3] [4] [5] [6] However, there continues to be debate in the literature about whether age is a risk factor for aminoglycoside-induced nephrotoxicity and to what extent. 1 Several publications in the last decade have demonstrated the efficacy of once-daily aminoglycoside therapy as opposed to that of traditional twice or three times daily dosing. [7] [8] [9] [10] [11] [12] [13] This regimen is essentially based on the post-antibiotic effect of aminoglycosides, a property absent in b-lactam antimicrobials. 14 Comparative studies have shown that once-daily dosing is not generally more nephrotoxic than conventional dosing. 3 However, there remain concerns about the safety of oncedaily dosing in several subgroups of patients, e.g. neonates, pregnant women and elderly patients. We were interested in assessing the safety of once-daily aminoglycoside treatment in the elderly, because a large percentage of patients admitted to our hospital are older than 65 years, and many of these patients suffer from infections that may be treated with aminoglycosides. In addition, we wished to further identify risk factors for aminoglycoside nephrotoxicity, including deviation from ideal body weight (obese and cachectic patients), anaemia and hypoalbuminaemia. In a prospective study of elderly patients receiving aminoglycoside treatment, we analysed these risk factors, along with established risk factors such as diabetes mellitus, length of aminoglycoside treatment, length of hospital stay and dehydration.
Methods
The study was conducted in Shaare Zedek Medical Center, a 550-bed university-affiliated institution. The hospital contains all major services. The hospital serves the general population of Jerusalem; a substantial proportion of the patients are elderly, and many are referred from nursing homes. The infectious diseases unit has issued protocols for empiric antimicrobial use for the most frequently encountered conditions, including treatment and prophylaxis. As a matter of policy, aminoglycosides are the drugs of choice for empiric treatment of infections caused by Gram-negative bacilli, e.g. intra-abdominal and urinary tract infections and most nosocomial infections. Gentamicin is the most-commonly used aminoglycoside; amikacin is reserved for serious nosocomial infections in which resistance to gentamicin is anticipated, especially in the intensive care unit or for patients who have received multiple courses of broad-spectrum antimicrobials. 15 In instances where organisms other than Gram-negative bacilli are expected to be involved, another agent is added to cover the additional organisms.
Prior to administration of aminoglycosides, clinicians are expected to estimate the creatinine clearance in ml/min, using the Cockcroft-Gault formula, which uses age in years, ideal body weight in kg (see below), and serum creatinine: 16, 17 the appropriate aminoglycoside dose for each individual patient is determined with dosing tables. 1 When the estimated creatinine clearance is -30 ml/min, the clinicians are advised to use an alternative agent to aminoglycosides, such as fluoroquinolones, third or fourth generation cephalosporins, or piperacillin-tazobactam, aztreonam or a carbapenem. Our hospital revised aminoglycoside therapy from multiple-daily dosing to once-daily dosing in 1996. Clinicians are expected to obtain a serum sample for trough level testing 24 h after the initial dose has been administered, just prior to the second dose. If the level is -1 mg/ml, repeat trough levels are determined every 5 days, or sooner if an increase in creatinine or a decrease in urine output is detected. If the trough level is above the threshold of toxicity, the interval between doses is increased and a repeat trough level is obtained to ensure safety of treatment. 1 Aminoglycoside drug levels are determined with fluorescence polarization immunoassay technology and microparticle enzyme immunoassay technology (Abbott GmbH Diagnostika).
In this prospective, non-interventional study, we screened all in-patients receiving aminoglycoside treatment (gentamicin or amikacin). The parameters recorded in the questionnaire were: patient age; gender; weight-actual, ideal, and weight index (actual weight/ideal weight); height; body mass index (weight/height 2 ); and creatinine clearance (CrCl) as estimated by the clinicians using the Cockcroft-Gault formula, 16, 17 mostly using an eyeestimation of body weight; creatinine clearance as calculated by the investigators after actually weighing the patients, using Cockcroft's formula; and creatinine clearance as calculated by the investigators, using the ideal body weight with Cockcroft's formula. The latter formula measures CrCl in ml/min as follows: w(140Àage in years)3ideal body weight in kgx / wserum creatinine in mmol/ l372x. Additional parameters that were assessed include the following: admitting department; infectious diagnosis; presence of diabetes mellitus; type of aminoglycoside used; duration of aminoglycoside treatment; trough levels; all medications the patient received; initial haemoglobin; initial albumin; level of dehydration on admission (as defined by the BUN/creatinine ratio); total days of hospital stay up to initiation of aminoglycoside treatment; initial blood pressure; body temperature on admission; arterial pH on admission; initial creatinine; creatinine ratio (ratio between the highest serum creatinine and initial serum creatinine level); and lastly ratio of aminoglycoside dose actually given divided by the optimal dose (if the weight index was )1, the ideal dose was calculated by the ideal body weight, whereas if the weight index was (1, the ideal dose was calculated by actual body weight). The ideal body weight for men was 50 kg, and for women 45.5 kg, to which 0.9 kg was added for each cm over 150 cm height;
18 the investigators calculated the ideal body weight for each patient after measuring their height. We also evaluated the usefulness of Levey's new formula for calculation of the glomerular filtration rate, 19 as compared to that of Cockcroft's widely used formula. 16, 17 A significant deterioration in renal function was defined as an increase in serum creatinine of more than 50% from prior-totreatment to maximal, post-initiation-of-treatment creatinine levels. 1, 7, [9] [10] [11] [12] We used the Epi Info 6.04c program (CDC) for data entry and statistical analysis. The statistical tests employed were Student's t test, x 2 and linear regression. For logistic regression analysis, we used the SPSS-X program.
Results
During the 4-month study period, 249 consecutive patients receiving aminoglycosides were enrolled for data collection and analysis, of whom 116 (47%) were male and 133 (53%) female. Mean"SD age was 75"16 (range 21-102); 205 patients (82%) were )65 years old. Forty-two patients (17%) received amikacin, 207 gentamicin (83%). The majority of patients (237, 95%) were admitted to the medical and geriatric departments, and the remaining 12 (5%) to surgical departments. Baseline demographic, clinical and laboratory data are presented in Table 1 .
A significant deterioration in renal function, defined as an increase of 050% in serum creatinine, 1,7,9-11 was detected in 31 of the 249 patients (12.4%). The maximal creatinine was (177 mmol/l in 16 of the 249 patients (6.4%), 186-265 mmol/l in nine patients (3.6%), and )265 mmol/l (327-769 mmol/l) in six patients (2.4%). None of the patients developed oliguric renal failure; most subsequently experienced significant reduction of serum creatinine prior to Creatinine clearance (CrCl) in ml/min, as calculated with Cockcroft-Gault's formula, 16 ,17 using estimated weight, actual weight, or ideal body weight (IBW).
d As measured on the day of initiation of aminoglycoside treatment.
e Dehydration, defined as blood urea nitrogen (mg/dl) divided by serum creatinine (mg/dl) and ratio )20. f If more than one level was obtained, the highest was used. BP, blood pressure. discharge from hospital. In the group of 31 patients who experienced an increase of 050% in creatinine, the mean"SD initial creatinine (in mmol/l) was 79"24 (44-133), the mean maximal creatinine was 222"179 (71-875), and the mean creatinine ratio was 234"156 (137-767). Tables 2 and 3 show, respectively, the univariate analysis of clinical and laboratory risk factors for deterioration of renal function, defined by increase of 050% in serum creatinine. Concomitant drugs were grouped in 12 categories: additional antibiotics, diuretics, angiotensin converting enzyme inhibitors, beta-blockers, calcium antagonists, serum-cholesterol-reducing agents, warfarin, glucose-reducing agents, digoxin, nonsteroidal anti-inflammatory agents, nitrates, minor tranquillizers, and miscellaneous drugs. Only diuretics, length of hospital admission prior to aminoglycoside treatment and total duration of aminoglycoside treatment 011 days, were statistically linked to aminoglycoside-associated nephrotoxicity (Table 2) . Table 3 demonstrates the very significant correlation between renal damage and a high aminoglycoside trough level, and a weaker, but still significant correlation with anaemia. Mean duration of treatment was 4.4 days, with 72 (29%) of patients receiving )6 days of aminoglycosides. No particular distinguishing features of the latter group could be detected.
Linear regressions between the glomerular filtration rate, calculated by Levey's formula, 19 and our estimations of creatinine clearance using Cockroft's formula, are shown in Table 4 . From our study we cannot conclude which formula yields the most accurate result. However, it is clear that the department estimations were based, in many instances, on estimated rather than on actually measured weight; the department estimates were far below the calculated ones, by either method, and their correlation was poor. The creatinine clearance as calculated by Cockroft's formula had much higher correlation with Levey's formula, especially when it was calculated with the ideal body weight.
Logistic regression analysis of our data used various statistical models and logarithmic transformations. Several models were limited due to selections and/or lack of sufficient observations, e.g. arterial pH was obtained from 60 patients only. From the various models the following picture emerged: a maximal aminoglycoside trough level )1.1 mg/ml was far ahead in the regression, and in most models a baseline pH -7.38 was closely associated with subsequent renal failure. Following these two variables were a haemoglobin level -10 g/dl, a diastolic blood pressure -70 mmHg and total admission )7 days prior to aminoglycoside treatment. (7) 116 (53) 52 (24) 4 (2) 2 (1) 28 (13) 2 (6) 14 (45) 8 (26) 39 (18) 114 (52) 64 (29) 3 (10) 17 (57) 
Discussion
Worldwide, elderly patients account for an increasing percentage of admitted patients to most hospitals. Many of these patients are treated for urinary tract infections or hospital-acquired infections, often caused by Gram-negative bacilli. In our hospital, as in most, empiric treatment of these infections is with an aminoglycoside. Only if the estimated creatinine clearance is calculated to be relatively low, e.g. -25-30 ml/min, are clinicians advised to use alternative agents such as fluoroquinolones, third or fourth generation cephalosporins, or piperacillin-tazobactam, aztreonam or a carbapenem. Use of aminoglycosides, when possible, is still recommended despite potential side effects, in order to limit the emergence of multidrug-resistant organisms and to curtail the rising cost of antimicrobial therapy. Continuing concern, however, about the safety of this policy, especially in elderly patients, led to the present study. We attempted to establish the safety of once-daily aminoglycosides in the elderly, and to determine risk factors for development of nephrotoxicity.
We prospectively assessed the safety of oncedaily aminoglycosides in 249 elderly patients (mean age 75"16) over a 4-month period. An increase of 050% in serum creatinine was detected in 31 of the 249 patients (12.4%), a figure very similar to that reported from similar series, including younger patients, receiving aminoglycoside therapy. [1] [2] [3] [4] [5] [6] The maximal creatinine was (177 mmol/l in 16/249 patients (6.4%), while in 15 (6%) it was )186 mmol/l. None of the patients developed oliguric renal failure, and all subsequently experienced significant reduction of serum creatinine prior to discharge from hospital. Univariate and logistic regression analysis revealed a very significant correlation between renal damage and a high aminoglycoside trough level ()1.1 mg/ml) (p-0.001), and a weaker, but still significant correlation with a haemoglobin level -10 g/dl (p-0.05), duration of treatment 011 days (p-0.05), and length of hospital admission of )7 days prior to aminoglycoside treatment (p-0.05). The latter factor probably reflects the complexity and fragility of patients staying longer in the hospital. It therefore appears that oliguric and/or lasting renal toxicity is uncommon in elderly patients receiving once-daily aminoglycosides. Age, diabetes mellitus, initial creatinine and dehydration were not associated with toxicity. None of the 15 patients who experienced an increase of )50% in serum creatinine levels and whose highest creatinine level was )177 mmol/l had diabetes mellitus. During the study, we realized that most of the patients were not weighed routinely, and weight was determined by the clinicians by eye-estimation only. The results of the clinicians' calculations were compared with those based upon actual weight as measured by the investigators. Despite the apparent underestimation of the patients' weight and, therefore, creatinine clearance by the clinicians, a mean aminoglycoside dose that was 1.3"0.6 higher than optimal was prescribed ( Table 1 ). This apparent contradiction suggests that clinicians often do not properly use creatinine clearance for calculation of optimal aminoglycoside dosing. The simple and time-honoured method of weighing patients (possibly by using special devices for bedridden patients), or alternatively, of measuring the patient's height and thereby calculating ideal body weight, plus proper usage of derived creatinine clearance for calculation of aminoglycoside dosing, might lead to more appropriate therapy and thereby diminish the risk of nephrotoxicity.
We recently conducted a prospective study of 158 consecutive patients receiving aminoglycosides during a 2-month period, comparing results of patients -65 years old with those of older patients. 21 Nephrotoxicity, defined as an increase of 050% in creatinine levels during and up to 48 h post-treatment, occurred in 4/66 patients (6%) -65 years of age, compared to 10/92 patients (11%) aged 65 years or older (NS). Overall, nephrotoxicity occurred in 8.9% of patients, an incidence very similar to that reported in the literature 2, [7] [8] [9] [10] [11] 22 and found in the current study; none developed irreversible renal failure. Univariate analysis showed that an aminoglycoside trough level of )2.5 mg/ml (p-0.001), presence of diabetes mellitus (p-0.01) and pneumonia (p-0.01) were risk factors for aminoglycoside-associated nephrotoxicity. 21 Age was not found to be an independent risk factor for aminoglycoside-induced nephrotoxicity. Additional factors may determine nephrotoxicity in the elderly, including duration of treatment, presence of diabetes mellitus, liver disease and hypokalaemia. [4] [5] [6] 23, 24 Advanced age has been associated with an increased incidence of aminoglycoside nephrotoxicity, especially in rats. [25] [26] [27] [28] Subclinical evidence of impaired renal function was also demonstrated in humans. 29 Studies of risk factors for aminoglycoside nephrotoxicity in humans concluded that age was a risk factor, although statistical significance was found only in complex multivariate analyses. [4] [5] [6] The correlation of increased risk of toxicity with age and/or preexisting renal disease may be misleading, and it is unclear whether an increased risk exists when the dosing regimen is adjusted for pre-existing decrease in glomerular filtration rate. 1 In summary, in this study of 249 mostly elderly patients receiving once-daily aminoglycosides, only 31 patients (12.4%) developed nephrotoxicity as defined by a )50% increase in serum creatinine level, and in only six patients (2.4%) did the creatinine reach )265 mmol/l. None of these patients developed oliguric and/or persisting renal disease. Trough drug levels must be measured. Estimation of creatinine clearance with Cockcroft's formula should be done after actually weighing the patients, rather than estimating their weight, with greater adherence to dosage tables, when calculating the appropriate aminoglycoside dose. These actions may render the use of once-daily treatment with aminoglycosides safe even in the elderly.
